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Abstract : 


A new  instrument  for  the  analog  determination  of  rorreJal ion  funel ions 
of  wid  e-bandwidth  signals  is  described  and  character  i zed . The  instrument 
is  comprised  of  microwave  electronic  components;  a double-balanced  mixer 
perforins  the  multiplication  operation  involved  in  the  correlation  process 
whereas  a constant- impedance  line  stretcher  introduces  the  variable  delay. 
Measurements  indicate  that  the  correlator  has  a bandwidth  of  approximately 
4 GHz.  It  is  shown  that  this  inexpensive  and  simple  device  can  be  used  as 
a diagnostic  tool  for  mode- locked  argon-ion  lasers  when  used  in  conjuction 
with  a fast  photodiode  detector. 
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I.  Introduction 
"V  vA/WWWWWVW 

Power  spectral  density  and  correlation  measurement s have  long  been 
utilized  in  communications  engineering  and  ]>liysics,  and  are  becoming  im- 
portant techniques  for  the  chemist. 1 “s  At  low  frcquenci es  (below  1 Mil/.) 
these  measurements  can  be  performed  quite  well  with  commercially  available 
equipment..  However,  high  frequency  (several  GHz)  signal  analysis  is  far 
more  difficult.  At  these  high  frequencies,  power  spectral  density  analysis 
can  be  performed  with  existing  microwave  spectrum  analyzers  (cross-power 
spectral  density  cannot),  although  such  devices  are  expensive.  One  scheme 
for  determining  correlation  functions  for  wide -bandwidth  signals  has  been 
reported  which  involves  the  utilization  of  a dual-channel  sampling  oscil- 
loscope.6 However,  this  latter  approach  is  quite  expensive  to  implement. 

In  the  present  paper  an  instrument  is  introduced  which  can  determine 
correlation  functions  for  widc-bandwidth  signals  which  are  cither  periodic, 
or  random  and  stationary.  Basically,  the  instrument  evaluates  the  cor- 
relation function  through  use  of  a constant  impedance  line  stretcher  as 
a delaying  element  and  a microwave  double-balanced  mixer  as  a multiplier. 

For  a given  delay,  set  by  the  line  stretcher,  the  output  of  the  mixer  is 
low-pass  filtered  to  yield  a DC  level  which  corresponds  to  the  magnitude 
of  the  correlation  function  at  that,  delay.  This  new  approach  is  very 
inexpensive  to  implement  and  easy  to  use. 

In  the  following  sections,  the  theory  of  operation  of  the  new  instrument 
will  be  developed  and  the  device  will  be  demonstrated  in  the  measurement  of 
mode- locked  laser  pulses. 
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II.  Description  of  the  Instrument 

VVAWW/Ul/WVlWWWWWVUlAAWlAa 

Pig.  1 shows  a schematic  diagram  of  the  new  instrument  configured  in 
this  case  for  an  autocorrelation  determination.  The  signal  to  he  nuto- 
corrclatcd  is  applied  to  the  open  port  of  a broadband  power  splitter. 

This  particular  power  splitter  (Model  874-TI’D,  Cenltad,  Concord,  MA)  is 
a (>dl>  unit  usable  over  the  frequency  range  0-8  GHz.  The  sig.nal  from  one 
output  port  of  the  splitter  traverses  a fixed  length  of  transmission  line 
to  either  of  the  input  ports  of  a double-balanced  mixer  (Model  MD-525-4, 
Anzac,  Waltham,  MA).  This  transmission  line  is  made  up  of  4 ns  of  air- 
dielectric  coaxial  line  (Model  874-1.30L,  GenRad,  Concord,  MA).  The  signal 
leaving  the  other  port  of  the  power  splitter  travels  through  a variable- 
length  transmission  line  to  the  other  mixer  input  port.  This  variable- 
length  transmission  line  is  constructed  of  a 1 ns  fixed-length  air-di- 
electric line  (Model  S74-L30L,  GenRad,  Concord,  MA)  and  a constant- 
impedcnce  variable- length  line  (Model  874-LTL,  GenRad,  Concord,  MA). 

The  length  of  this  line  can  be  varied  over  a range  corresponding  to  a 
time  delay  difference  of  1.5  ns.  In  this  configuration,  the  variable  line 
is  slightly  shorter  than  the  fixed  line  when  the  variable  delay  line  is 
at  its  minimum  delay.  Thus  a full  scan  of  the  attainable  relative  delay 
values  includes  the  r = 0 condition.  The  mixer  is  a broadband  device 
which  serves  as  a signal  multiplier  over  the  frequency  range  5-40D0  MHz. 

With  this  particular  mixer,  information  in  the  0-5  MHz  region  is  lost; 
clearly,  different  frequency  bands  could  be  covered  with  alternative  mixers. 
The  output  at  the  IF  port  of  the  inixer  is  then  processed  by  a low-pass 
filter,  amplified  with  a DC  amplifier  and  readout  on  a digital  voltmeter 


or  strip  chart  recorder.  With  this  arrangement,  the  autocorrelation 
function  can  he  obtained  over  a 1.5  ns  delay  range. 
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The  autocorrelation  instrument  shown  in  Fig . 1 can  he  readily  modified 
to  perform  cross-correlation  as  well.  To  perform  cross-correlation,  the 
respective  signals  would  ho  sent  directly  into  the  mixer  via  the  fixed 
and  variable  delay  lines.  In  either  of  1 hose  correlation  experiments, 
the  l.S  ns  portion  of  the  correlation  function  which  one  wishes  to  observe 
can  be  controlled  by  adjusting  the  length  of  the  fixed  delay  line. 

111.  Theoretical  Description  of  the  Instrument's  Output 

a/VWWV/WUVVVWv/WVVWWVVWV/WWWWVWV/WVWWVVWWVV 

In  this  section  the  output  of  the  correlator  will  be  formulated 
for  the  case  of  an  autocorrelation  determination.  The  autocorrelation 
function,  C^(x),  for  some  time-varying  signal,  i(t),  is 


C.  . (t)  = lim 
n 

T->oo 


i(t) 


i(t+x)dt . 


(1) 


Of  course,  Eq.  (1)  only  applies  to  a signal  which  is  non-square  intcgrublc. 
Eq.  (1)  indicates  that  the  time  average  of  the  time-dependent  product, 
i(t)  i(t+x),  is  to  be  found  for  each  value  of  t for  which  one  desires  the 
magnitude  of  the  autocorrelation  function.  In  turn,  the  time  average  of 
this  product  is  just  the  magnitude  of  its  zero  llz  (DC)  frequency  component, 
which  can  be  instrumental ly  obtained  with  a simple  low-pass  filter.  A 
requirement  for  this  low-pass  filter  is  that  its  high-frequency  cut-off 
he  well  bolow  the  lowest  significant  frequency  contained  in  the  product 


i 
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signal.  Conveniently,  DC  electronics  can  he  used  beyond  the  mixer  IE  port. 

To  accurately  model  the  instrument  shown  in  Fig.  1,  the  frequency  or 
impulse  response  of  the  various  components  must  he  introduced  into  Eq.  (1). 
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OF  course,  each  component  will  have  its  own  response  and  should  he  rigorously 
included  in  the  treatment.  However,  two  factors  are  especially  important 
and  will  be  .introduced  here:  the  impulse  response  of  the  transmission 
lines  (in  this  case  it  will  he  assumed  that,  they  are  both  equal)  and  the 
response  of  the  mixer  ports.  This  latter  factor  accounts  for  the  filtering 
characteristics  of  the  mixer  ports.  These  two  factors  can  be  combined  by 
utilizing  the  convolution  integral.  That  is. 


VY)  hm(t-Y)  dY 


(2) 


where  h^  and  hm  arc  the  impulse  response  of  the  transmission  lines  and 
the  mixer  ports  respectively,  and  h^  is  the  combined  impulse  response 
of  the  transmission  line  and  the  mixer  port.  Incorporating  Eq.  (2)  into 
Eq.  (1)  and  performing  the  t and  y'  integrations  gives  Eq.  (3). 


C'(  x) 


oo 


chh(a)  cii(T-°0  da 


(3) 


Eq.  (3)  indicates  that  the  output  of  the  new  autocorrelation  instru- 
ment C’  (t)  is  the  convolution  of  the  true  autocorrelation  function,  C^,  °f  tl 
signal  i(t)  and  the  autocorrelation,  C^,  of  the  instrumental  response 
parameter,  h^.  Clearly,  the  instrument  response  function  for  the  corre- 
lator, Cj^,  must  be  as  short  in  duration  as  possible  to  yield  an  instrument 
output  C'  (x)  that  closely  approaches  the  true  correlogram.  In  Eq.  (3),  k is  a 
scaling  factor  which  accounts  for  losses  in  the  system. 


IV.  Demonstration  of  the  Instrument 

'VAAAAAA  A A/ W w V /WWW  VA  AA/  V l A/  W V V/U  V A AA/ 
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As  a demonstration  of  the  new  instrument's  utility,  the  autocorrelation 
function  of  mode-locked  laser  pulses  was  determined.  Correlation  techniques 
have  previously  been  used  in  laser  pulse  measurements,  but  in  those  cases 
the  correlation  process  was  implemented  through  optical  means7*8,  rather 
than  electronically.  In  the  present  experiment,  a mode-locked  laser  wa;| 

t 

used  to  irradiate  a fast  photodiode;  in  turn,  the  photodiode  signal  served 
as  the  input  to  the  correlator  of  Fig.  1. 

The  detector  in  these  experiments  is  a specially  constructed  Schottky 
photodiode  which  has  an  impulse  response  with  a full-duration  at  half- 
maximum (FDI1M)  of  less  than  50  ps9.  The  radiation  from  the  laser  is  focused 
to  a diffraction-limited  spot  by  a 3 cm  biconvex  lens.  This  focusing  is 
required  because  the  active  region  of  the  photodiode  is  only  a small  annular 
region  approximately  10  ym  wide. 

Two  different  laser  sources  were  utilized  in  these  experiments. 

Examined  first  was  a synchronously  pumped  dye-laser  system  using  a mode- 
locked  argon-ion  laser  (Model  171-09  Ar  laser  and  Model  361  acousto- 
optic mode  locker.  Spectra  Physics,  Mountain  View,  CA)  as  the  pump. 

Second,  the  mode-locked  argon-ion  laser  itself  was  observed.  This  mode- 

locked  argon-ion  laser  was  operated  at  38  A of  plasma  current  in  all  ex- 

. . • © 
penmen ts  to  yield  740  mlV  of  average  optical  power  at  5145  A in  the  mode- 

locked  condition.  In  this  situation,  the  laser  output  consists  of  a train 

of  optical  pulses  that  arc  approximately  150  ps  in  duration  and  separated 

by  approximately  12  ns.  Khodaminc-6G  was  used  in  a Spectra  Physics  Model 

375  dye  head  with  an  extended  front  mirror  to  comprise  the  synchronous ly- 


- ■--- 


pumped  dye-laser  cavity.  When  the  mode-locked  argon  - ion  laser  is  used  to 
pump  this  dye  laser  and  t ho  optical  cavity  spacing  of  the  dye  laser  matches 
the  cavity  spacing  of  the  argon-ion  laser,  the  dye  laser  becomes  mode 
locked.10  The  output  from  this  dye  laser  then  consists  of  a pulse  train 
with  a period  of  approximately  12  ns,  and  with  each  pulse  having  a duration 
of  approximately  30  ps  as  determined  through  streak  camera  measurements. 

The  average  power  from  the  synchronously  pumped  dye  laser  was  40  mW. 

The  temporal  behavior  of  the  output  of  these  lasers  can  l>e  described 
by  an  equation  of  the  following  form: 


= 


00 

■ ; f * 

n="<»  J 


(A)6(t-nT-A)dA 


where  l is  the  function  describing  the  shape  of  a single  pulse,  6 is  the 

Dirac  delta  function  and  T is  the  period  of  the  pulse  train.  The  signal 

from  the  photodiode,  when  it  observes  the  time-dependent  optical  irradiance 

described  by  Eq.  (4),  is  then 

00 

00 

P(t)  - £ /*/*  £(X)  h | Co)  6(t-cx-nT-\)dadA 

(5) 

where  h^  is  the  impulse  response  of  the  photodiode.  In  the  present  ex- 
periment., P(t)  is  the  signal  that  is  processed  by  the  correlator.  To 
derive  a relation  for  t lie  output  of  the  correlator  in  this  experiment, 
one  must  first  find  the  correlation  function  of  1’,  C . This  correlation 

pp 

function,  C , is  found  by  substituting  P(t)  for  i (t)  in  Eq.  (1).  Making 
this  substitution  and  performing  the  appropriate  integrations  yields 
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where 


C.^  is  the  autocorrcl.it i on  ol:  the  detector  impulse  response 


function  and  C ^ is  the  desired  information,  i.e.  the  optical  irradiance 
autocorrelation  function.  Significantly,  C^,  the  autocorrelation  of  the 
periodic  function  Z is  periodic  itself  and  with  the  same  period  T. 

To  find  the  output  of  the  correlator  for  the  input  signal,  P(t),  Lq. 
(6)  must  be  substituted  into  Lq.  (3)  [i.e.  C (t)  replaces  C.^(t)  in 
Eq.  (3)].  This  substitution  yields 


C(T)  = 


■iUJ 


Chh(a)  CJd(r)  C££  (T+  iT-r-o)  drda . 


F.q.  ( 7 ) indicates  that  the  output  of  the  correlator  is  a smoothed 
version  of  the  true  optical  irradiance  autocorrelation  function.  In  turn, 
the  smoothing  function  is  the  convolution  of  the  autocorrelation  of  the 
photodiode  impulse  response,  h^ , and  the  autocorrelation  of  the  correlator 
input  impulse  response,  h^  . Obviously  one  wants  to  decrease  the  duration 

of  both  h.  and  h„  . 

d J?,m 

Fig.  2 reveals  the  performance  of  the  correlator  in  the  measurement 
of  pulses  from  the  synchronously  pumped  mode-locked  dye  laser.  Fig.  2A 
shows  directly  the  electrical  output  of  the  Schottky  photodiode,  induced 
by  the  dye  laser  pulse.  This  trace  was  obtained  with  a 25  ps  rise-time 
sampling  oscil loscopc  (Model  7T11,  7S11,  S-4  plug-ins  with  7904  mainframe, 
Tektronix,  Beaverton,  OR)  which  was  triggered  by  the  signal  from  a second 
photodiode  irradiated  by  the  same  laser.  The  FDIIM  of  the  pulse  in  Fig.  2A 
is  approximately 90  ps  and  represents  the  true  optical  pulse  width,  smoothed 
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by  the  impulse  responses  of  the  photodiode,  the  5 nsof  ISC  fi8C/U  coax- 
ial cable  and  the  sampling  head  itself.  All  these  latter  subsystems  have 
rise  times  which  are  of  the  same  order  of  magnitude  and  contribute  equally 
to  the  smoothing  process. 

Fig.  2B  shows  a computer-generated  autocorrelation  function  of  the 
sampling  oscilloscope  trace  of  Fig.  2A.  This  computed  autocorrelation 
function  has  :i  half-duration  at  half-maximum  (11DIIM)  of  75  ps.  In  contrast, 
the  output  of  the  correlator  foT  the  input  signal  shown  in  Fig.  2A,  shown 
in  Fig.  2C,  has  a HDIM  of  60  ps.  The  second  peak  that  is  seen  at  a delay 
of  approximately  300  ps  is  due  to  an  electrical  reflection  in  the  correlator 
network. 

The  results  portrayed  in  Fig.  2 are  initially  quite  surprising.  From 
the  foregoing  analysis,  one  might  expect  the  instrumental  autocorrelation 
function  to  be  somewhat  broader  than  that  produced  upon  computation,  be- 
cause of  the  finite  bandwidth  of  the  components  used  in  the  new  device. 

However,  it  can  be  shown  readily  that  the  response  of  the  new  correlator 
is  sufficiently  rapid  that  the  correlation  function  is  not  significantly 
broadened.  Moreover,  it  is  quite  likely  that  the  sampling  oscilloscope 
trace  is  Fig.  2A  is  broader  than  the  true  pulse.  Let  us  further  examine 
these  considerations. 

The -3  db  bandwidth  of  the  photodiode  signal  shown  in  Fig.  2A  is 
slightly  less  than  4 GHz,  so  one  would  not  expect  the  autocorrelation 
function  to  be  drastically  smoothed  by  the  mixer,  considering  its  4 GHz 
bandwidth.  In  addition.  Fig.  2A  might  he  broader  than  the  true  photodiode  pulse 
because  rise  time  of  a sampling  oscilloscope  does  not  solely 

determine  its  time  resolution;  trigger  jitter  also  contributes.  The 


specification  on  the  particular  sampling  oscilloscope  used  here  is  ± It)  ps 
under  optimal  trigger  conditions.  As  suggested  by  the  manufacturer,  this 
specification  is  only  a lower  hound  and  the  actual  trigger  jitter  will 
depend  on  the  characteristics  of  any  particular  trigger  signal.  Signif- 
icantly, it  is  the  autocorrelation  function  of  the  sampling,  oscilloscope 
impulse  response  that  will  act  as  a smoothing  function  on  the  autocorrelation 
of  the  true  electrical  pulse  from  the  photodiode.  Clearly,  this  latter1 
fact  will  accentuate  any  distortions  introduced  by  the  sampling  oscillo- 
scope in  Figs.  2A  and  2B.  In  contrast,  no  such  thing  as  jitter  exists  in 
the  correlator  (Fig.  2C). 

Of  course,  the  discrepancy  noted  between  Figs.  2B  and  2C  might  also  be 
due  to  mixer  non-ideality.  Specifically,  if  a threshold  exists  over  which 
a signal  must  rise  before  the  mixer  operates  properly,  the  correlation 
function  would  appear  to  be  truncated  somewhat.  However,  theory  does  not 
predict  such  a threshold  and  none  has  been  observed  experimentally. 

Fig.  3 is  similar  to  Fig.  2,  but  represents  the  output  waveform  and 
correlation  functions  for  the  ai'gon-ion  laser  by  itself.  In  this  case 
over  90%  of  the  duration  of  this  electrical  pulse  is  due  to  the  optical 
pulse.  Again,  the  function  obtained  with  the  new  correlator  is  narrower 
than  that  obtained  by  computation. 

V.  Discussion 
vwwi/wvn/vwv 

For  the  new  correlator  to  he  useful  it  must  he  able  to  measure  features 
o!  the  correlation  function  which  indicate  the  real-time  pulse  character. 

I he  most  important  such  feature  is  the  relationship  between  the  duration 
of  the  true  pulse  and  its  autocorrelation  function.  The  I II HIM  of  the  time- 
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dependent,  pulse  is  related  to  the  WHIM  of  its  autocorrcl.it  ion  function 
in  a linear  manner  as  indicated  in  l-q.  ( 8), 

WHIM.,,  = Y WHIM..,  ( H) 

At.  I 

where  the  subscript  AC.  and  T indicate  the  autoeorrel.it  ion  and  real-t  ime 
parameters  respectively.  The  factor  y is  a scaling  factor  which  is  always 
greater  than  1.  The  magnitude  of  y is  determined  by  the  functional  form 
of  the  real-time  pulse  shape;  the  more  spread  out  the  energy  distribution 
about  the  center  of  the  j>ulsc,  the  larger  y becomes.  For  example,  y equals 
1 for  a rectangular  pulse,  whereas  y =V2~ for  a Gaussian-shapcd  pulse 
and  y = 2 for  a Lorcntzian  pulse.  These  differently  shaped  pulses  have 
progressively  longer  tails,  causing  the  scaling  factor,  y,  to  increase. 

Table  I lists  the  y-factors  calculated  from  Kq.  (8  ) for  the  results 
shown  in  Fig.  2 and  3.  The  y-values  for  the  data  obtained  with  the  corre- 
lator arc  lower  as  would  be  expected  from  inspection  of  the  correlation 
results.  Interestingly,  the  y factors  in  Table  I arc  larger  for  the  argon- 
ion  laser  pulse  measurement  than  for  the  dye  laser  experiment,  suggesting 
that  the  electrical  pulse  from  the  photodiode  is  more  broadly  distributed 
(rises  and/or  decays  more  slowly)  when  it  is  irradiated  by  the  argon  laser 
pulse.  Significantly,  as  shown  in  the  bottom  half  of  Table  I,  the  relative 
breadth  of  the  correlation  functions  of  the  Ar+  and  dye  lasers  are  approxi- 
mately the  same,  no  matter  whether  computational  or  instrumental  correlation 
is  employed.  This  finding  argues  the  validity  of  the  new  correlator  output 
for  indicating  relative  pulse  widths,  or  changes  in  pulse  shape. 

The  results  given  above  clearly  indicate  that  the  new  instrument  can 
correlate  very  broadband  (high  frequency)  signals.  The  laser  sources  served 
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well  to  demonstrate  the  capabilities  of  the  correlator  hut  also  illustrate 
an  application  of  the  device. 

The  new  correlator  has  a host  of  applications,  both  in  time-resolved 
laser  spectroscopy  and  in  other  areas,  for  example,  the  correlator  could 
he  used  as  a diagnostic  tool  for  optimization  of  mode-locked  gas  lasers. 

Of  course,  the  autocorrelation  function  determined  in  this  way  would  notj 

I 

uniquely  determine  the  duration  of  the  real-time  pulse  il  represented, 
because  the  y factor  would  not.  be  known.  However,  the  liDIIM  of  the  auto- 
correlation function  is  actually  a better  parameter  to  minimize  than  the 
liDIIM  of  the  pulse  itself;  it  is  not  only  desirable  to  minimize  the  IIIJ1IM 
of  the  time-dependent  pulse,  but  also  to  have  its  energy  distributed  closely 
about  the  maximum  of  the  pulse.  A minimization  of  the  duration  of  the 
autocorrelation  function  implies  a minimization  both  of  y and  of  the  I1D1LM 
of  the  real-time  pulse. 

The  major  disadvantage  of  this  correlator  is  the  small  delay  values 
attainable  with  the  variable-length  line  stretcher  (1.5  ns).  This  limitation 
implies  that  only  broadband  signals  can  be  analyzed  if  an  entire  correlation 
function  is  to  be  obtained.  Greater  delays  would  be  possible  with  alternative 
line  stretchers  but  large  increases  in  delay  would  limit  the  upper  frequency 
cutoff  of  the  device. 

Another  disadvantage  of  utilizing  this  correlation  instrument  for  the 
optimization  of  mode-locked  laser  pulses  is  its  slow  scan  time.  The  scan 
time  of  the  correlator  is  limited  by  the  bandwidth  of  the  low-pass  filter 
on  the  output  of  the  mixer,  from  an  electrical  design  point  of  view.  Prac- 
tically, the  limit  will  be  dictated  by  boat  generated  in  the  variable  delay 
line  b)  frictional  forces  involved  with  its  movement. 
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Another  use  of  the*  correlator  in  loser  technology  would  be  ns  n eon 
tinuous  monitor  of  the  temporal  characteristics  of  optical  pulses.  The  out- 
put of  the  correlator  could  be  used  as  a feedback  signal  to  a mode-locked 
control  system,  which  governs  appropriate  parameters  such  as  cavity  length 
or  the  frequency  of  an  acousto-optic  mode  locking  modulator.  Such  a moni- 
toring device  could  be  implemented  by  using  cither  a four-way  power  splijtcr 

I 

or  two  complete  photodiode  and  correlator  systems.  One  correlator  could 
be  set  at  a x = 0 situation  while  the  second  correlator  could  be  set  at.  a 
t value,  say,  equal  to  the  HDIIM  of  the  correlation  function.  These  two 
DC  signals  could  then  be  processed  by  a dividing  circuit,  to  provide  a 
quotient  which  is  constant,  independent  of  intensity,  as  long  as  the  pulse 
shape  and  duration  remain  constant.  Any  changes  in  pulse  duration  or  shape 
would  then  be  reflected  by  the  output  of  the  divider  and  thus  could  be  used 
as  a feedback  signal  to  maintain  minimum  pulse  width. 
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Figure  Captions 

Pig.  1.  Schematic  diagram  of  the  new  con-elation  instrument  configured 
for  autocorrelation  measurements. 

Fig.  2 Evaluation  of  the  new  correlator's  performance  in  the  measurement 
of  pulses  frail  a synchronously  pumped  mode-locked  dye  laser.  A. 

Output  of  irradiated  Schottky  photodiode,  measured  witli  25  ps  rise  • 
time  sampling  oscilloscope.  B.  Computer-generated  autocorrelation 
function  of  A.  C.  Autocorrelation  function  of  Schottky  photodiode 
output  determined  with  the  new  correlation  instrument.  Sec  text 
for  discussion. 

Fig.  3 Evaluation  of  the  new  correlator  for  the  examination  of  a mode- 

locked  argon-ion  laser.  A.  Output  of  irradiated  Schottky  photo- 
diode measured  with  25  psrise-time  sampling  oscilloscope.  B. 
Computer-generated  autocorrelation  function  of  A.  C.  Autocorrelation 
function  of  Schottky  photodiode  output  determined  with  the  new  cor- 
relation instrument. 


Tabic  I. 


Y- factors  calculated  from  pulse  incasiimucnl  s (calc.)  and 
correlator  measurements  (core).1' 


Uye  laser  Ar+  laser 

Pulse  Measurement  Pulse  Measurement 

^calc  1*6  1.90 

^corr  1.50 


(Y 

(Y 


Ar 

Ar 


+ 


+ 


/yd>'°) 

/yd>0) 


ca  lc 

corr 


1.19 

1.15 


a.  Y is  defined  as  the  ratio  of  the  half-duration  at  ha If -maximum  (HDHM) 
of  the  autocorrelation  function  to  that  of  the  original  real-time  wave- 
form. 
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